Introduction
The development of marine fish farming through the use of fish with economic value is essential for the preservation of fish stocks and has increased steadily in recent years (FAO, 2016) . The success of rearing depends on the successful transport of wild fish to the breeding laboratory, including capture, transport, prophylaxis and acclimation to rearing conditions (Bar et al., 2015; Sampaio, Freire, 2016; Stieglitz et al., 2017) .
There is little scientific information on the transport of wild-caught fish and a growing demand for data to enable the establishment of specific and scientifically grounded protocols (Harmon, 2009; Sampaio, Freire, 2016) . Blood 2 e170140 [2] analysis can be a rapid, non-lethal and low-cost tool for the early detection of malnutrition, stress and infection in fish, but the lack of hematological and biochemical reference values in healthy animals has limited its application (Peres et al., 2014) . Capture, handling and transport procedures can cause various changes in fish, with negative effects on growth, reproduction and immunity, and can even lead to death (Cnaani, McLean, 2009; Cunha et al., 2010; Stieglitz et al., 2012; Hohlenwerger et al., 2016; Shabani et al., 2016; Teixeira et al., 2017) .
The use of anesthetics at appropriate concentrations may be a means to reduce fish stress and mortality during transport and handling (Mamangkey et al., 2009; Cunha et al., 2011) . Benzocaine is classified as a local anesthetic, although in fish, it acts systemically on the central nervous system (Okamura et al., 2010) , where its effects range from mild sedation to medullary collapse (Holloway et al., 2004) . However, the use of high concentrations of benzocaine is uneconomical and can cause undesirable effects such as anesthetic induction or mortality (Teixeira et al., 2017) .
Snappers (Lutjanidae) are considered important fishery resources worldwide (Frédou et al., 2006; IbarraCastro, Duncan, 2007) , with high commercial potential for aquaculture (Vettorazzi et al., 2010; Leaw et al., 2012; Souza et al., 2015) . Dog snapper, Lutjanus jocu (Bloch & Schneider, 1801) , is distributed from Florida (USA) to southeastern Brazil and is one of the most important Lutjanidae in Brazilian fisheries (Frédou et al., 2009; Previero et al., 2011) . Due to its high market value and its currently declining population (Lindeman et al., 2016) , dog snapper is an important species from which to obtain biochemical and hematological information. The establishment of reference blood parameters for L. jocu can provide a practical tool for monitoring well-being, allowing the safe evaluation of handling procedures that may induce stress (e.g., transport, stocking density, water physicochemical parameters and disease). The objective of this study was to characterize and evaluate the effects of handling and transport on both anesthetized and nonanesthetized dog snapper and on stress levels prior to transport, after the arrival of specimens in the laboratory and 24 h later (recovery) by assessing hematological and biochemical responses.
Material and Methods
Experimental design and sampling. The twentyfive dog snapper (Lutjanus jocu) specimens used in this experiment (220 ± 68 g and 24.5 ± 2.5 cm in total length) were captured by fishermen in the Piraquemirim river estuary, Aracruz, state of Espírito Santo (ES), southeastern Brazil (19°56'S 40°10'W), using a gillnet with a length of 100 m, a height of 1.5 m and a mesh size of 80 mm. The fish were then placed near the capture site in a cage with a 4 m 3 (2 x 2 x 1 m) working volume. The cage was deployed in an estuarine region, approximately 6 km distance from the mouth of the river and at an average depth of 4 m. The time between the first and last capture was 30 days. The fish placed in the cage were fed daily with fresh fish provided by a local fisherman. After the last capture, 20 days elapsed before the experiment was performed, with feeding being interrupted one day before the beginning of the experiment. There was no mortality during the period of time in which the fish were kept in the cage. After the acclimation period, 5 specimens were collected from the cage (Control; T-0) and sedated with benzocaine (50 mg L -1 ) for immediate blood collection and biometric measurement. Afterward, the remaining fish were placed in two 80-liter transport boxes with constant aeration, 10 in a box containing 10 mg L -1 benzocaine and 10 in a box without anesthetic, and transported by boat to the Marine Organisms Rearing Laboratory of the Universidade Federal do Espírito Santo, a travel time of 2 h. Immediately after transport, 5 fish from each treatment group (with anesthetic: A-1, without anesthetic: C-1) were taken for blood collection and biometric measurements. After 24 h, the remaining fish were collected for the same procedures (with anesthetic: A-24, without anesthetic: C-24).
The fish subjected to a 24 h recovery treatment were placed in two 1,000 L tanks (with and without anesthetic), with water collected from the mouth of the same river where the fish were captured and caged, filtration through 3 filters of 15, 10 and 5 microns, an ultraviolet (UV) sterilization system and constant aeration. Temperature, salinity, dissolved oxygen and pH data were collected with a portable multiparameter probe. Ammonia was measured using a commercial colorimetric kit (Alfakit®, Brazil). These parameters were collected during transport and in the laboratory. The water was not changed due to the low stocking density and short duration of captivity (24 h). All research was conducted in accordance with the policies of the Ethical Conduct Committee on Animal Use (CEUA) as administered by the Universidade Federal do Espírito Santo (Protocol 96/2015) . The collection license was provided by Instituto Chico Mendes de Conservação da Biodiversidade (ICMBio; license number SISBIO 52082-2). The specimen was vouchered at the ichthyology collection of the Universidade Federal do Espírito Santo (CIUFES 3552).
Analytical procedures.
Blood was collected by caudal puncture using a 1-mL EDTA-containing syringe, a procedure lasting less than 2 min, to avoid elevation of any biochemical parameters by handling during collection. The extracted blood samples were divided among two sets of tubes, one containing EDTA (10%) as an anticoagulant for sample preservation for hematological analyses and another heparinized for the determination of plasma glucose and lactate levels. The hematocrit (%) was measured after the blood samples were centrifuged in heparinized microcapillary tubes. To perform an erythrocyte count, 1:200 dilutions in staining solution (Na 2 EDTA, formaldehyde, NaCl, NaOH, methylene blue) were performed, and cells were counted directly in a Neubauer chamber under an optical microscope (Olympus CX41).
To perform differential and total counts of leukocytes and thrombocytes, blood smears were prepared, dried at room temperature, fixed and stained with quick panoptic stain (commercial kit RENYLAB®, Brazil), and indirect counting was performed according to Hrube, Smith (1998) . From these results, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC) were calculated according to Wintrobe (1934) . Plasma glucose and hemoglobin concentrations (commercial kit Bioclin®, Brazil) and plasma lactate concentrations (commercial kit BioTecnica®, Brazil) were measured by colorimetric and spectrophotometer analysis.
Statistical analysis. Before statistical analyses were conducted, the homogeneity and normality of the raw data were assessed. Statistical analyses were performed separately for each parameter using analysis of variance (ANOVA), and comparisons between groups (treatments) were performed using Tukey's test (p<0.05). The results are presented as the means and standard deviations, and all analyses were performed using software PAST v.3.15 (Hammer et al., 2001) .
Results
Water quality. The water quality parameters in the boxes before the fish were introduced until their arrival in the laboratory were as follows: salinity 27, temperature 27.7 ± 0.6 °C, dissolved oxygen 6.8 ± 0.8 mg L -1 , pH 6.3 ± 0.15, ammonia 0.4 ± 0.2 mg L -1 . The water quality parameters in the laboratory were as follows: salinity 28, temperature 27.5 ± 0.3 °C, dissolved oxygen 7.3 ± 0.2 mg L -1 , pH 7.3 ± 0.1, and ammonia 0.6 ± 0.2 mg L -1 .
Cell morphology. The mature erythrocytes of Lutjanus jocu are oval to ellipsoidal in shape with a central nucleus and clear and homogeneous eosinophilic cytoplasm (Fig.  1a) . In the young erythrocyte, the cytoplasm presents intense basophilia and dense chromatin (Fig. 1b) . The thrombocytes were predominantly elliptical, with an elongated nucleus extending along almost the entire cell; oval cells were occasionally observed. The cytoplasm was scarce, with clear eosinophilic staining (Fig. 1c) . Of the leukocytes that are responsible for immune defense, neutrophils, lymphocytes and monocytes were found, but no eosinophils, basophils and special granulocytic cells were observed. The neutrophils were spherical in shape and their nuclei were most often round or oval, with compact chromatin and no visible nucleolus.
The cytoplasm was generally abundant, occupying almost the entire cell and containing slightly basophilic fine granules (Fig. 1d ). There was a significant difference in neutrophils levels between control and other treatments.
The lymphocytes were predominantly spherical, of varied size, with clear basophilic cytoplasm, presenting cytoplasmic projections and without visible granules. The nucleus had a rounded form, dense chromatin, and a high nucleus-to-cytoplasm ratio (Fig. 1e) . For lymphocytes, there was a significant difference before and 1 h after transport, but did not exhibit significant differences after 24h. The observed monocytes were large, spherical and polymorphic. Eccentric nuclei predominated, with the occasional reniform nucleus, compact chromatin, intensely basophilic cytoplasm and vacuolization (Fig. 1f) .
Hematological analysis.
There was no mortality during the experiment. The reference intervals for dog snapper blood parameters are summarized (Tab. 1). There were no significant differences in parameters between treatments with or without anesthetic, both immediately after transport (A1 and C1) and after a recovery period of 24 h after transport (A24 and C24).
Hematological parameters were compared between fish before transport, immediately after transport and 24 h after transport (recovery). Hemoglobin values varied for the dog snapper and did not exhibit significant differences (p<0.05) between control and treatments immediately after transport (A-1 and C-1), but differences were observed between A-1 and C-1 and recovery values (A-24 and C-24). For the erythrocyte count, only the C-24 treatment (without anesthetic) exhibited high values that differed significantly from the other treatments. Hematocrit differed significantly only in C-1.
For the leukocyte count, only the C-24 treatment showed a significant difference from the other groups. Lymphocytes and neutrophils were more frequent among the leukocytes, with a low frequency of neutrophils in the control treatment, whereas monocytes and thrombocytes had similar counts between the treatments. For MCV, there was a significant difference between the control and recovery (24 h) treatments; MCH showed differences only between the immediately after transport and recovery treatments and MCHC did not present differences between any of the treatments.
Biochemical analysis. Tab. 1 shows no significant differences (p<0.05) in glucose and lactate levels between the treatments with and those without anesthetic. There was a significant increase in glucose levels immediately after transport, and a decrease after 24 h of transport, reaching levels close to those of the control group. Lactate concentrations did not show significant differences between the group sampled immediately after transport and the group sampled after 24 h of recovery. 
Tab. 1. Biochemical and hematological parameters of Lutjanus jocu.
Mean values ± SEM. Different letter (a, b or c) indicates significant differences (p<0.05) between fish groups. Control: fish collected in the cage prior to transport; A1: collection 1 h after transport to the laboratory with anesthetic; C1: collection 1 h after transport to the laboratory without anesthetic; A24: collection after 24 h in the laboratory of the fish transported with anesthetic; C24: collection after 24 h in laboratory of fish transported without anesthetic. 
Discussion
Hematological parameters assessed during the handling and transport of dog snapper provided important information on physiological conditions and health status, and this is the first study of this kind in this species. The cells identified in L. jocu blood smears are morphologically similar to those described by Del Rio-Zaragoza et al. (2011) for rose snapper (Lutjanus guttatus). The same cell types (erythrocytes, neutrophils, lymphocytes, monocytes and thrombocytes) and morphological patterns were also characterized by Santos et al. (2009) in wild fat snook (Centropomus parallelus). There is an urgent need to provide reliable reference intervals for fish (Del RioZaragoza et al., 2011) , mainly because of the economic importance of dog snapper.
Together with morphological characterizations, physiological responses were evaluated before, during and after transport and handling. The mean hemoglobin values were close to those reported by Del Rio-Zaragoza et al. (2011) for rose snapper juveniles reared in tanks in the laboratory, indicating similarities under different environmental conditions. There was no significant difference in hemoglobin levels before and 1 h after transport; however, Roque et al. (2010) found significant differences between the control group and a group exposed to hydrogen peroxide in sea bass (Dicentrarchus labrax). Hemoglobin levels in the group sampled after 24 h were significantly lower than those in the group sampled immediately after transport, demonstrating rapid recovery. Similar results were reported by Acerete et al. (2004) for the handling of Eurasian perch (Perca fluviatilis), with no significant difference between the control group and measurements taken 0.5 and 24 h after transport. For erythrocytes, two studies with Lutjanus fish found means close to those obtained in this study ; Dotta et al. (2015) assessed wild red snapper (Lutjanus analis) transported to floating cages, and Del Rio-Zaragoza et al. (2011) studied rose snapper in laboratory. As with hemoglobin, the different stress responses among wild and farmed Lutjanus fish are indicative of good adaptive capacity.
There were no significant differences in hematocrit values between groups before transport and 24 h after transport, and only the C1 treatment exhibited differences compared to the control. No differences were found between treatments for juvenile pompano (Trachinotus marginatus) subjected to different salinities (Anni et al., 2016) and cobia (Rachycentron canadum) anesthetized with 150 mg L -1 benzocaine (Trushenski et al., 2012) . However, other authors have found significant differences in different species under acute stress (Roque et al., 2010; Karakatsouli et al., 2012; Rodrigues et al., 2015) . Because hematocrit is a secondary response to acute stress, its values may indicate inconsistent responses and should be evaluated in conjunction with other indicators.
Lymphocytes, which were the most frequently observed leukocytes, are cells involved in immunoglobulin production and defense modulation, while neutrophils are the primary phagocytic leukocytes, which proliferate in the circulation in response to infections, inflammation and stress (Davis et al., 2008) , demonstrating their importance in the immune defense of dog snapper. The lymphocyte values found by Del Rio-Zaragoza et al. (2011) in rose snapper were higher (between 81 and 92%) than those found in dog snapper (between 36 and 75%). Neutrophils before transport had a mean value of 14%, which is smaller and significantly different from the neutrophil values measured under other treatments (e.g., 53% in the A1 treatment group). This leukocyte class is a first-line defense cell, the most important type of leukocyte in the peripheral blood, and is highly sensitive to environmental changes (Silva, Soriano, 2009) .
The frequency of monocytes (8 to 10%) was high when compared to rose snapper (2%), as reported by Del RioZaragoza et al. (2011) , and juvenile pirarucu, Arapaima gigas (4.6%) (Drumond et al., 2010) . However, there were no significant differences between treatments, as seen for thrombocytes. There were no significant differences between treatments in MCV, MCH and MCHC, consistent with other studies reporting similar patterns (Del RioZaragoza et al., 2011; Michelato et al., 2017) . Dotta et al. (2015) compared the hematological parameters of red snapper (Lutjanus analis) individuals who were caught in the wild and later transported to floating cages and found significant differences in hematocrit, leukocytes and monocytes, but no differences in erythrocytes, thrombocytes, lymphocytes and neutrophils. Pinho et al. (2016) reported that fat snook (Centropomus parallelus) maintained at higher stocking densities presented significantly higher (p<0.05) values of erythrocytes and thrombocytes, whereas hematocrit, leukocyte, neutrophil, monocyte and lymphocyte counts did not differ significantly. These different patterns of responses show the importance of evaluating and interpreting different stressors and environmental conditions in a compartmentalized way. These quantitative differences in hematological parameters should be considered when implementing aquaculture practices for the selection of broodstock for laboratory rearing.
The occurrence of stress during transport was confirmed by an increase in plasma glucose concentration immediately after transport, with values again approaching control values after 24 h of recovery. High glucose production helps animals metabolically cope with the increased energy demands of stress-responsive tissues, and the return to control levels is a common occurrence during transport in fish . Cnaani, McLean (2009) exposed cobia to hypoxia and found that glucose levels peaked in the first few hours, decreasing to control levels after 24 h. Pedron et al. (2016) studied the transport of cobia sedated with benzocaine (6 mg L -1 ) 6 e170140 [6] and found high glucose levels up to 2 h after transport but were similar to the control values after 48 h. Lactate levels exhibited sensitivity to stress immediately after transport. This increase may be related to the intense work performed by the anaerobic metabolism, in which so much energy is demanded that the aerobic metabolism alone is not able to sustain energy requirements. A similar response was found by Shabani et al. (2016) in the transport of rainbow trout (Oncorhynchus mykiss), with high lactate levels immediately after transport, but with a significant reduction in the recovery periods (24 and 48 h). Fanouraki et al. (2011) found an increase in lactate concentrations at 30 min after stress (air exposure) in the species Sparus aurata, Dentex dentex, Pagellus erythrinus, Diplodus puntazzo (Sparidae), Argyrosomus regius (Sciaenidae) and Dicentrarchus labrax (Moronidae). The measurement of glucose and lactate levels is an agile and practical method for assessing stress in fish, both in the field and in the laboratory.
Since glucose and lactate levels effectively respond to acute stress levels after transport, then the hypothesis that adding anesthetic will reduce stress could not be confirmed, either immediately after stress or 24 h later. Moreira et al. (2015) added 15 mg L -1 of eugenol to the water during the transport of juvenile Nile tilapia (Oreochromis niloticus) and did not observe minimized stress responses according glucose and lactate analysis.
The biochemical and hematological results demonstrate the inefficiency of benzocaine at 10 mg L -1 as a stress reliever during the handling and transport of dog snapper. Other studies have also indicated that anesthetics are not able to reduce transport stress in pacu, Piaractus mesopotamicus (Feitosa et al., 2013) and fat snook, C. parallelus (Tondolo et al., 2013) . The use of benzocaine (2 and 6 mg L -1 ) did not reduce the stress response of cobia (Pedron et al., 2016) . However, Carneiro et al. (2002) and Pramod et al. (2010) reported that benzocaine was able to minimize transport stress in some species, such as Brycon amazonicus (5 to 20 mg L -1 ) and Puntius filamentosus (20 mg L -1 ). The use of anesthetic also reduced activity and stress during transport in Atlantic salmon (Salmo salar) (Iversen et al., 2009) . Therefore, other concentrations and anesthetics should be tested to evaluate the well-being of dog snapper during transport. This paper is the first to report stress response levels for hematological and biochemical indicators in dog snapper, representing an important basis for the planning of future experiments involving transport and handling. Changes in biochemical parameters revealed the effect of stress during transport, and after 24 h, glucose levels and some hematological parameters (hemoglobin, erythrocytes, leukocytes, neutrophils and MCH) showed a tendency to return to control levels. This physiological resistance of L. jocu to stress is an important characteristic for aquaculture, and thus, the use of L. jocu in aquaculture is promising.
